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G-1 ROCKET GUIDANGE DEVELCFMENT WORK AT NII-£8

General Description of Work and Problems Encountered

1, Work was started by the Soviets in 1948 at NII-88 on a medification of the Gerwan
A-4 (V-2) rocket. A meeting held in Moscow from 20-30 December 1948 was attended
by the fellowing Germen specialists: WOLFF, GROETRUPP, HOCH, ALBRING, Rudelf 25X
MUELLER, Gerd MUELLER, BLASIG, BLASS, UMPFENBACH[::::::::;:g:%mAt this conference
preliminary plans for the A-4 modification; to be designated G-1, were discussed.

2, The accuracy plamned for the (-1 missile was to be 50 per cent hits within plus or
minue one-thousandth ¢f the rarge, Thus, for the plauned range of 300 km, the
required accuracy would he plus or mivus 300 meters. In order to achieve this
accuracy the flight path must be accuraté to within plus or minus three minutes
in azimuth and 0,05 degreas in elevation,

3, Work on this modification was started by the Germans when they arrived on Gorodomlya
Island near Ostashkov. The following major physical changes were made., The stab-
ilizing gyroscopes and electrcmics equipment wers moved down below the fuel tanks
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near the combustion chamber, and it was decided to use integral
fuel tanks, i.e., the wall of the rocket was to be the tank it-
self, The antennas were to be modified as described in the
paragraph on the airborne receiver and transmitter (See Page 31).

4. UMPFENBACH redesigned the rocket engine so that exhaust gases are
fed from the combustion chamber to drive the turbine. During
the feed-back these gases are ccoled by the unburned fuel. To
keep the pressure in the combustion chamber constant; it was de-
cided to use an "Alpha Regler" (regulator). This used a pressure
gauge which operated as follows: an iron membrane is placed
between two pairs of colls, which are connected in a bridge
circuit; and, when pressure causes the membrane to deflect, the
inductance of one pair of coils is increased, and the other
is decreased. Since a 500-cycle voltage is applied to the bridge,
the output is a sigmal proportional to the deflection. This signal
is applied to a magnetic amplifier whose output drives an actuator
similar to the cne used to actuate the rudders in the missiles.
This actuator operates a butterfly valve which controls the flow
of gases driving the turbine,

5. It was calculated that at combustion cut-off the acceleration
of the missile would be five to ten g, Cut-off was to occur
at a distance of 45 kilometers. A number of problems were
alse worked on im order to prevent &rrors from arising after
combustion cut-off. Rotation of the rocket about the longi-
tudinal axis after cut-off is of no consequence, However,
since there is little air resistance the rocket may swing
about its other axes, which would cause it to come into the
lower atmosphere sideways or backwards, In this position
the increased air pressure may cause a sudden shock which
night explode the warhead, It was decided, therefore, to
use a warhead which would be detached from the rest of the
rocket after combustion cut-off. This could be done in one
of two ways., The warhead could be set on the rest of the
rocket loosely so that it would automatically separate at
the end of acceleration; or the warhead could be shot off
by an explosive charge, The latter plan, however, would
give the warhead additiomal velocity and might, therefore,
intreduce an error. It was also proposed that velocity
and range could be measured after cambustion cut-off and
that a command be transmitted to cause one of several
different sized charges to blow off the warhead in order to
compensate for any errors introduced in combustion cut-off,
[::f%:::::::]this method was somewhat far-fetched and too 25X1
complicated and could cause a serious error if the rocket
had changed direction after cut-off; therefore, the first
system, using a locse warhead; will probably be accepted.
The propcosed warhead was to weigh 300 kg,

6. Another problem discussed was the glowing of the warhead as
it travels through denser atmosphere, It was proposed,
therefore, to cover the warhead with a thin layer of woed
which would carbonize, but protect the warhead. It was
planned to place a solid steel point on the tip, The wood
covering was to extend slightly farther back than the war-
head in order to keep the center of pressure behind the
center of gravity so that the warhead would fall peint first.
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7. A number of Soviets frequently came to Ostashkov to keep track
of the developments there. This group usually included (a)
chief engineers, directors,and other sclentists from Zavod 88;
(b) groups of men from the Ministry for Armaments; (¢) KONOPLOV,
who was presumably working on similar developments in Leningrad;
and several of his engineers; (d) sclentists from other groups..

8. The following sécurity measures were taken at Ostashkov, All

secret papers had to be kept in a suitcase assigned to each of
the more important speclslists. Each paper was numbered, and
a 1ist of the numbers kept in the sultcase as a check, r
night all the sultcases had to be locked in room No. 14

and in the morning proper ldentification ha [¢]
be presented to obtain one's sultcase, A system of badges
and passes was used to allow only authorlzed persons to enter
the various laboratories and offices 'in which secret work was
being performed.

9, In the fall of 1951 the work of the Guldance Group

was taken over by a Soviet group whose chlef was

FOMIN. er this time none of the Germans were permitted to
enter the laboratories where thls work was continued.

10. - Flight tests were made in 1951-52 of the guldance system
developed for the G-l missile using PO-2, AN-2,and Li1-2 air-
eraft, The equipment to be carried on the rocket was Installed
in the aircraft and flights were made usually heading north
from Gordomlya, over Lake Seliger, up te a distance of 100 kmg

. By flying circles around the ground station on the island 1t
was determined that a relative veleoeclty of 0.1 meters per
second could be detected by the equipment. The PO~2 usually
landed on a fleld on the mainland shore west of Gorodomlya,
while the other alrcraft had to land on a larger fleld Jocated
28 xm south of Ostashkov. The fleld was about twoe km square,
Both filelds were not alrports, but merely meadows maintained .
enough to permit these planes to land. [ [no information

“‘on the maintenance schedules, repair difficultles, etc., of
these planes
the malntenance was performed in Moscow. None of these planes
was flown at Ostashkov in the winter. To have a plane avail=-
able for a test flight it was necessary to order it one month
ahead of time. Zavod 88 had three or four PO-2's, 3 Li-2's,
end AN-2 assigred to 1t.

'Evaluation of Soviet Progress
11. "In the fall of 1951 a conference was held in Moscow to discuss

.‘the G-1 development. This conference was attended by FOMIN, who
reported [ that the G-l was criticized, but that it was also
sald that 1t 1s better to have this than nothing at all,

12, |
1 | the Sovieis were not entirely happy with

surface-to-surface gulded misslles, \ |this might
be due to the fact that the Soviets do not have enough competent
engineers to carry on such work, and that very few of them have
the gelf-confidence to be wllling to take on a responsibllity

of this type, since failure is not tolerated. Even FOMIN was
apparently trying to be transferred to another project.
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13. Evidence of Sovlet incompetence 1is reflected in the firing
" tests made with German A-4 missiles in 1947. These missiles

had been put into operating condition in Moscow and were placed
on an A-4 train. This train went to Kapustin, where the firing
tests were to be made, At firat the firing tests were un-
successful and Dr, HOCH was called to Kapustin te straighten
the situation out. Fubture tests were successful, and HOCH
received a bonus equivalent to two months' salary. This
indicated that HOCH had helped the Soviets out of a very tight

spot. At the same time | | these 25X1
indications of incompetence may be deliberate in order to

- conceal their real progress in this field, (The "a-l train"

: was a special train fitted out with all the equipment necessary
to transport and fire A-U4 rockets, It included cars for
measuring and -control apparatus, Messina telemetering equipment,
workshops, several sleepers used as 1living quarters, and confer-
ence cars, Three cattle carsy with the ends remcved, ‘were used
to carry the rocket. Two of these trains went to Kapustin Iin
§gg§g@§g; 1947, and sections of them returned to Moscow in early

I ‘

R Speciallsts who had 25X1
been at Bleicherode after the war told that they had equipped
two such trains. From the train, the A-4 rocket 1ls transferred

i " to a "Meiler Wagen", which is a special truck designed to plck
up the)'récket, carry it,and set 1t up on end on a launeching
table. .

14, | | a Soviet, KONOPLOV,
apparently was developing another guidance system for the
A-4 rocket in Leningrad. KONQOPLOV alsc was part of the group
‘| which visited Ostashkov at frequent intervals. 25X1
- ' the 50-centimeter wave ;
for guldance would be serliously attenuated by the 25X1
et stream of the rocket. |

: was worklng on a wave length
of five to six meters and  |these obJections were
voiced by KONOPLOV in order to find fault with his "sompetitors.

‘Pfhe reasonfor this opilnion on 50-centimeter waves may be due to
£he fact that on initial firing tests the A-4 used a slot
antenna near the tip of the rocket which would have characteris-
tic loops, adjacent to the surface of the antenna, but not
directly back from the center of the rocket.

15, Rockets of this type should be launched at an angle of 450
. instead of vertically in order to have a sufficiently simple

method of control. With vertical launching, it is necessary to
' have the antennas a distance of 2.8 kilometers from the launcher,
This means that once the stations are set up it is possible to
fire missiles in only one direction. With sianted launching it
is possible to have the ground equipment adjacent to the
launcher and it would be easy to change the direction of firing.
S8lanted launching would, of course, involve some type of
starting aid.

16. Wg;;;,;;;;, \it will be approximately two years before the 25X1
. Soviets will be able to fire a rocket using the guldance system
- developed | ‘ 25X1
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Components = : — o
17. Whenever ﬁéqsiﬂl‘a, ‘eélectronic components, such S
: - as transformers, resonant cavities, speclal potentiometers,
etc., were produced at Ostashkov, Vacuum tubes were obtalnable
in sufficient quantity. — 25X1

| The metal-ceramlic tubes used were mostly of East
Germankmanufacture.(Oberspreewerk - OSW). Soviet coples of
. these types frequently had leaks at the metal-ceramlc seal.
An attempt had been made at the factory in these cases to 4
‘flnﬁg‘the leak by painting over it with lacquer. | | 25X1
L The boxes in which 25X1
they were shilpped were marked wlth a pentagons :
One type of tube which was avallable in very
large quantities was a voltage regulator tube
having five electrodes, the STV 280/40, 60, 80, and 150,
This“1s an old German design and was included in the circults
developed at Ostashkov whenever a voltage regulator tube was
needed. The most popular tube manual in the Soviet Union is
one edited by GURFINKEL.

18, The magnetic amplifiers to be used in the rocket were units

- taken out of a German direct current - three-phase converter
apparatus., They were designed for two %Q inputs of 0.5 m.a.
with a 2000-ohm winding resistance. A -volt, 500 cps volt-
age is applied, and a pg output is obtalned from two brildge
rectifier circuite. This output has a maximum value of 15

m,a. working into a 500-ohm load. Physilcally, the magnetlc .
amplifier is 40 x 40 x 12 millimeters in Bize.[?liij 25X1
difficulty may be encountered with these ampl ers 25X1

.due to voltage breakdown between windings at nigh altitude./

19. The small gyroscopes to be used in the rocket and in the
path simulator were at first obtalned from Germeny | 25X1

“ | Later exact Soviet copies were 55X 1
5 delivered. These were probably made by the Institute fuer
F Automatik und Telemechanik. The characterlstie resonant

frequency of vibration of these gyros is approximataly
40 ¢ps. It was found, therefore, that the gyros could not
be used to stabilize oscillatlon above 25 ecps.

20, | 25X1

some components shipped to Ostashkov belng exact Sovier
copies of SCR 584 components. These parts included crystal
detectors, thyratrons, cathode-ray tubes for PPI and A-

scopes, 10 em. d never saw any Soviet-bullt 25X1
magnetrons, but ey were belng manufactured
there. ‘ ‘

Ground Transmitter

21, .The groﬁnd transmltter transmits a 600 me. slgnal at a
power of 80 watts, This signal is produced as follows /See

Page 337 o

22, A crystal oscillator, generating a frequency of 12,5 me., |
K feeds a frequency doubler, which uses Class C operation with
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a tank circuit tuned to 26 me., This frequency is tripled

4n a similar circuit tuned to TH me. Subsequent stages consist
of alternate amplifiers and frequency doubler stages until the
frequency is up to 600 me. The stages operating at 300 me, use
ID-12 lighthouse tubes, while the 600 me stages use LD-9 and
LD-7 metal ceramic tubes (German types, copied by the Soviets).

23, A signal is fed from the first 600 me amplifler to the ground

' receiver,where it acts as local osclllator. Amplitude modu-
lation is applied to the second 600 mc amplifier stage. Four
modulation signals are applied at this polnt: azimuth steering

- 25X1

command, elevation steering command, combustion cubt-off command,

and the gulae for range meagurement. The modulatlion signals
are mixe at the outputsof the command generators and applied
directly to the cathode of the 1LD-9 tube.

24, In each of the LD~9 and LD-7 amplifier stages the r-f power
input 18 applied to the cathode cavity, and the cutput taken
from the anode cavity., /See Fase 2k for sketch of the
construetion of these cavities,/ Co-axial cable is used to -
feed the signal from the last amplifier stage to the antenna,
which is a horizontal dipole in a 3-meter dlameter parabolle
reflector. An alternate cirecult, having one less power ampli-
fier stage, was alsp used successfully.

25, Initlally it was planned to use a single frequency multipller
‘ stage to multiply the crystal frequency of 12,5 me by six,
producing a 75 me signal. However, 1t was Found that an
additional amplifier stage would have been necessary, due to
t00 small a voltage output for such a frequency multiplier,

Ground Recelver and Veloelty Measurement

26, The receilving antenna is identical to the transmitting antenna;
i.e, a dipole in a 3-meter dlameter parabelic reflector. The
carrier frequency of the recelved signal 1s 605 me , with
15 me . side-bands, only the lower one of which (590 me ) 1is of
interest. (The carrier frequency actually varies wlth the
velocity of the missile due to the Doppler effect. This will
be discussed 1n a later paragraph.)

27. A co-axial cable 1s used tb connect the antenna to the crystal

detector. In order to match the impedance of the line (60 ohms)

to that of the detector (150-300 ohms) a co-axial "transformer"

18 used, in which a 1/20 wave length stub is located 1/4 wave
length from the detector. A 600 mc signal from the ground
transmitter is used as local oscillator and applled to the co-
axial line at the peint at which the Btub is connected, This
results in intermediate frequencles of .5 and 10 me after
detection (the difference btween 600, 605, and 590 me ). The
output of the detector is fed to two fank circults, resonant

at 5 and 10 mc respectively. These d ¢ Q-
Tgmnliﬁigrﬁgugiggéac'i and 6AQT tubes
|
28, The'oircuitry from the dipole to the pre-amplifiers is all

located near the antenna. The output of the pre-ampliflers
are coupled to co-axial cables running to the mobile van
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where most of the equipment 1s located. Here the lines are

- ¢oupled to two S5-stage IF amplifiers, using 6AB7 tubes, with
the automatic gain control fed hack from the Cifth stage to
the first by means of a 6X6 dual diode. The second section of
the 6X6 at the output of the 10 me. IF amplifier is used as
detector for the range measurement pulse, which is then fed
to the range measuring clrcuits.

29. The output of the 5-me IF amplifier 1s doubled in frequency

- by using a 6ABT in Class C operation with a tank cireuit in
the plate resonant at 10 me. The two IF slgnals are then
applied to two grids of a 6A8 converter whose output feeds a
low-~-pass filter which cuts off at approximately 20 kc. Thus
the only remaining frequencey is the one resulting from the
Doppler effect, indlcating velocity of the missile.

30. This Doppler frequency 1is mathematically derived as follows:

Frequency of ground transmltter f; > (600 me.)

Frequency of airborne transmitter 7[3 ‘_ (605 mc.)

Velocity of rocket v

Velocity of electromagnetic radiation o
Frequency received by rocket: £ (/— £)= -Fo -/-;a"
Alrborne Receiver IF: 'Fb -H+h ¥

IF 18 tripled: 3fg- 3, +3H ¥

Frequency of Airborne Transmitter: -FJ'; and slde bands -FBI 3IF

but only lower side ‘band 1s of interest,

‘Therefore: 'FB, -FB-3'F6+ 3f, —S-Fo% = -2-F5+ Sﬂ‘ 3£, %

Frequency Recelved on ground: 'Fb" 'F'Byr: s ('2&+3F‘, - S'Fo % X, - g)

-‘-‘Fa"FB% s=2%e t 34, “_}'E:g "‘2&% -3, % + 3, £
_ But %,_ - 18 negligibly small,
eollecting termsify-fo ¥ -2fp +35 -CF ¥ r 2y ¥
These are mixed with fo in ground receilver to form intermediate
frequencies: f,-fp ¥ -F,, for2fg- 3 +6f. % ~2F ¥
Doubled: . 29 - 2% rbht-2R%
2Ug-2HY% -24

These two frequencles are mixed in a 6A8 converter, resulting
in the difference frequency:

v
[26-26rehf-2f0 2] - [2fy-2fa%-2%] = BFfo
This, then, is the frequency which appears at the cutput of the

low-pasg filter, The signal is amplified by two stages of volt-

age amplificatlon and a power amplifler which feeds the primary
SECRET
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32,

' SECRET \—[
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of an audio-frequency transformer, The secondary 1s conneeted
to a speclal frequency bridge whilch has two outputs ZSée
Page 35 : (A) bas constant phase, while (B) has a phase
angle of either plus or minus 90° with respect to (A). The
amplitude of (B) is zero at the frequency at which the phase
changes. The 100,000~ohm potentiometer in the frequency
bridge is adjusted so that this zero point occurs at the
frequency corresponding to the desired missile veloclty at
combustion cut-off,

The two outputs, (A4) and (B), are amplified and applied to a
"gesteuerter Gleichrichter" (controlled rectifier). This is
essentlally a bridge rectifier circuit, which receives two
sets of signals from transformer secondaries. The output is
taken from the center taps of these secondaries, It will be
DC voltage, with zero amplitude corregponding tco the desired
combustion cut-off point, The DC voltage is fed to the com-
bustion cut-off command generator through a low-pass filter
which cuts off at approximately 300 eps, ¥o reduce ripple.

Dr. MOLLWO

The ground recelver, frequency bridge, etec. were designed bT

tnat velocltles of O.1 meters per second can be detected, as
proved by flight tests at 0

| PREIEKSCHAT has | | applied for a patent on a
slight variation of this method to be used for

highly accurate location measurement, This could be used for
surveying (e.g. coastlines) with an alrplane, or for air
reconnalssance to pinpoirt targets, The aireraft would fly
over a known fixed point, and from then on its veloclty, as
measured by the above principle, is integrated and thus shows
the exact path. Of course, two separate ground statlons would
be necessary if the alreraft flles anything but a straight
path. To pinpoint a target the alreraft would transmit a
signal when 1t 1s over the target./

Rapge Measurement

33.

34,

- The measurement of range 1s accomplished by transmitting a

pulse and comparing the time it takes the echo to return with
the time between the echo and the next transmitted pulse,

The output of a variable 40 to 60 ke oscillator is fed to a
pulse generator /See Fage 36 .,/ The rectifier used in
the anode circulf of the puise generator i1s an aluminum
selenlum rectifier and serves to damp oscillations after the
pulse is formed. A 3 to &4 microsecond pulse, having a repeti-
tion pate of 40 to 60 ke , 1s thus produced. The 40 to 60 ko

25X1

25X1

25X1

sine wave 1s also applied to two multivibrators which successive-

1y produce a 2:1 countdown. Tneir outputs are thus a 20 to 30

ke. and a 10 to 15 ke square wave.These square waves and the pulse

are all added together and applied to a trigger amplifier in
SECRET
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such a way that only every fourth pulse will cause the amplifier
to conduct (See rPage 36 ';7. This pulse, having a repeti-
tion rate of 10 to 15 ke,, 1s then applied to the transmitter as
modulation.

35. The pulse is also applied to a third multivibrator., The returned
(echo) pulse 1s receilved by the ground receiver and fed to this o
same multivibrator from the 10 me IF amplifier through a 6X6
detector, The multivibrator will be flipped one way by the
transmitted pulse and back by the returned pulse. A aquare
wave l1s thus obtalned, wlth its length proporticnal to the
range measured, This square wave 1s coupled from the two plates
of the multiVibrator tubes to the grids of two triedes whose
plate circuilts include large {1 to 2 microfarad) capacitors. A
DC voltmeter 1s connected between the two plates. It indicates
a voltage proportional to the difference in the periods of each
of the two conditions of the multiVibrator. This indication is,
therefore, proportional to the range of the missile,

36. The time between transmitted pulses, at a repetition frequency
“of 10 to 15 ke , corresponds to a range of approximately 9 to
+13 ¥m, The voltage, V, will, therefore, start at a méaximum

negative value, lncrease linearly to maximum pesitive value, at
the above-mentioned range, then drop sharply to the maximum
negative and start over again.

~37. The frequency of the 40 to 60 ke oseillator is adjusted so

that the range at which the combustion cut-off 1z desired will
correapond to zero voltage ln the fifth saw-tooth cycle, Assume
that the cut-off range is to be 45 km., Then the frequency of
osclllation will be set to S52.4 k¢ 80 that the time between
transmitted pulses (at a repetition frequency of 13.1 ke ) will
correspond to a range of 10 km. An operator watches the volt-
meter and throws a switeh at the end of the fourth saw-tooth
cyele, which c¢loses the circuilt to the cut-off command generator,
The voltage, V, is then added to the velocity-indicating voltage,
resulting in the cut-off command being generated at the required

range and velocity. ' this system will prove to be 25X1
‘very poor 1in cperation, primarilly because of the nolse which will
- accompany the echo pulse. | this nolse may frequently 25X1

be of sufficient amplitude to trigger the multivibrator so that
incorrect range readings will result. It would be better to use
some type of cathode-ray tube presentation, such as an A- or
J-scope, and to have an operator keeping track of the range,
since an operator can disgtinguish between the returned pulse
and noise. This clrcult was essentially a development by Prof.
Theodor SCHMIDT,

Direction Finding

38 For direction finding in azimuth and elevation; four antennas
are used, These will be designated right upper, right lower,
left upper, and left lower. The dlstance from the right to
the left antennas is 17.5 meters; that between upper and lower,

* 3 meters, Each antenna is a dipole in a 3-meter diameter
parabolic reflector. :

39. A 66-ohm co-axial line connects the left upper antenna to the
"~ right lower, anll the left lower to the right upper. A switch
is connected to these lines /See Page 37 ﬂﬁbchematicallye
The awltch may be consldered a two-bladed vibrating type
with -an operating cycle as shown.
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If the missile is on the correct path the signal amplitudes
at all four switch contacts will be the same. If the missile
moves out of this path, a differsnce in aignal strength will
be observed between the corresponding pairs of antennas, There-
fore, in the four-part cycle of the switch, a comparison of
parts I and III will indicate deviation in azimuth, and parts
II and IV deviation in elevation. The cycle is repeated 25
times per sscond; thus each position of the switch is maintained
for 1/100 second. The swiich is &iven by a 25 r.p.s. motor.
Sketches of the actual construction of the switeh and the co-
axial lines are shown on page 38,

From the switch the signal goes through a detector, a 5 me
amplifier, and a second detector, which are identical to the
circuits used in the ground receiver. The signal a fter the
second detector will be a L-section square wave with each
section having & period of 1/100 second, This aquare wave is
fed through a low-pass filter having a 1000 cycle cut-off
frequency to eliminate ripple without rounding off the corners
of the square wave, '

The resulting signal is amplified in a special low=frequency
amplifier: one or two stages using 6AC7's and one stage using

a 6F6. The amplified signal then goes through another rotat-

ing switch which is driven by the same 25 r,p.s. motor that
drives the first switch ﬁee Poges 32 and 38 Each part of

the switch has thres positions: 1, 2 (ground), and ¥ {(no contact).
The positions during the 4-part switching cycle will be as
followss

I II III v
Switeh A 1 ) 2 N
Switeh B ¥ i ¥ 2

The voltage across capacitors C3 and O4 will, therefore,
indicate the difference between alternate parts of the cycle,
and thus the deviation of ths missile in azimuth and/or eleva-
tion. These voltages can attain a maximum value of plus or
minus 80 volts. They are applied to differentiating circuits

to produce a signal proportional to E ¢ . Where E is the
angle of deviation of the miesile from the desired path, This
signal is then applied to the command generator for treansmission
to the misasile, The reasson for the part of the signal

will be discussed in themction on rocket steering and stabili-
gation (paragraph 60), ‘

Genera

With respect %o the combustion cut-off comndpgnot
certain of the details of this circuit and can only discuss
the principles involved., The circuit was deigned by Prof.
Theodor SCHMIDT.

Two DC signals, representing the distance and velocity of the
migslle, are produced as discussed in previcus paragraphs,
These asignals have zero amplitude at the required combustion
cut-off values, It normally happens, however, that one of
these values will be attained before the other, so that the
miseile would fall short of the target if the rocket engine
were cut-off then,
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For this reason the two signals are added, so that the cut-off

command is produced when their sum ie equal to zero., The

signals have positive slopes for incresse in dlstance and

velocity, and the slopes are adjusted in such a way that when

the sum of the signals is zerc, regardless of the value of

the individual signals, the missile will £ill hit the same

target. The circuit is designed for a maximum deviation from

the desired cut-off values of approximstely plus or minus ten
per cent for distance, three per cent for velocity.

The sum of these two signals is applied to one grid of a 6A8
pentagrid converter. The cathode of this tube is biased so
that no plate current will flow until the grid potential is
at least zero volts, The output of a 6 kc L-C oscillator is
connected to another grid of the 6A8, Thus, when plate
current is drawn, a & k¢ output signal is obtained. This,
combined with the other commande, is fed to the ground trans=-
mitter as amplitude modulation. After the 6A8 has conducted
for approximately one-tenth second it iz cut off by a time-
delay relay.

The time used in transmission, generation of command, etc., is
predictable, and, therefore, introduces no appreciable errors.
A mich larger and less accurately predictable error is cansed
in the extinction of combustion in the rocket engine. The
exact amount of fuel left in the lines between the shut-off -
valve and the engine, and the burning time of this fusl,can~
not be accurately predicted and this, therefore, is the major
error to be taken into consideration.

The azimth and elsevation command circuit was developed dy ‘

Pwo identicel command generators are used: one for azimuth,
one for elevation, DBasically the generator consists of an
R=-C oseillator uaing a 6X7 tube {(eimilar to US 6K7 with
linear characteristic). One of the msistors in the R=C
eircuit consists of the variamble plate resistanse of a 6K7
tube, whose grid potential is controlled by the azimuth (or
slevation) signal from the direction finding equipment. The
maximun variation of this grid bies is from cut-off to zero
bias,

By means of the grid bias variation the frequency of the R=-C
oscillator is varied about a center fraquency of 2.5 ke

for the azimuth command generator, and 3.7 ko for elevation,
The maximum frequency variation is plus or minus seven or eight
per cent,

A reactor tube (Blindrhre) was also used in this circuif |
\ | The frequency control
in the B~C cscillator was very complicated; an L=C oscillator
would have been simpler and more stable.

The agimuth and elevation command signals are combined in a
resistance network and the combination amplified by a 6F6
power amplifier,

53.:|not remember how this signal is combined with the
-]

ombustion cut-off command signal and the range measurement

1se, but all these signals are jJointly amplified by a 6L6
?goviet 6B3) tube and then applied to the cathods of an LD-9
tube to modulate the carrier of the ground tranemitter,
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Airborne Receiver and Transmltter

54

55.

56.

87,

58.

59.

The airborne receiving and transmlitting antennas consisted of
dipoles with reflectors. These were to be placed elther in-
side a nonmetallic section at the bottom ends of the rocket
fins, or in the area between the fins and the Jet stream.

A 60-ohm co-axial line from the antenna leads into an imped-
ance matching section, where a 605 me signal, to be used as
local oscillator, is also introduced. A crystal detector thus
produces a 5 mc intermediate frequency, which 1s amplified in
an IF pre-amplifier and sent on a co-axlal cable to the
electronic apparatus, which is to bé located below the fuel
tanks near the rocket combustion chamber,

Here the signal is amplified by an IF amplifier using EAG5
tubes, with feedback for automatic gain control. The band-
width of the IF amplifiler is approximately 0.5 me. The
gecond detector is 2 6X€ dual dlode. The low frequency
command slgnals are then amplified by a 6AG5 in whose plate
elrcult are three tank circults. These are tuned to 2.5 for
the azimuth command, 3.7 for the elevation command and 6 ke
for the combustion cut-off command.

Each of these tank circults i1s coupled to another 6AG5
amplifier whose output 1s fed into 2 discriminator eclrecult.
This results in a positive or negative voltage which corre-
sponds to the glven gommand,

A5 me IF signal is taken off before the second detector and
fed to a  freguency tripler. This 1s a class C operated tube
with a speclal plate circuilt which is reascnant at 15 me , but
shunts % mc +to ground., A bandwldth of approximately 1 mc
about a center frequency of 15 me 1s thus passed to a 15 me
IF amplifier. Its output 1s fed to the transmitter circult
where it is further amplified and applied as modulation to
the 1LD-11 transmitting tube.

The transmitter uses a 12.6 m¢ quartz crystal. Thie frequency
18 tripled to 37. me and then doubled four times to attain

a frequency of 605 me. The first four stages of this multi-
plier use two 6J6 tubes, Succeeding stages use LD-1's work-
ing into rescnant cavities. The second LD-1 puts out'a 0.5
watt signal into an LD-11 amplifier cavity., This is coupled
into the cathode cavity of the final stage, also an LD-11.

The 15 me modulating signal 1s applied to the grid of this
tube, and the transmitting antenna is coupled into the anode
cavity. A T-watt signal is thus sent out to the antenna.

Rogket Steering and Stabilizatlion

60.

The outputs of the command discriminators are DC voltages,

the polarities of which indicate the desired direction of

the command., These voltages are applied to magnetle amplifiers,
which also receive signals from the stabllizing gyroscopes of
the corresponding axes. The primary AC voltage applled to
the magnetic amplifier is 40 volts at 50 eps. A bridge
rectifler in the secondary produces a DC voltage, the polarity
of which again corresponds to the direction of command.
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This DC voltage controls the position of a coil in a magnetlec
field. This coll is wound on an iron core and,as it moves
ghanges the direction of a small nozzle /See Yagse 39 /.
The direction of the spray controls thé up-and-down movement
of a "Steuerkolben" (control piston). This plston 1is on a
common shaft with two smaller  pistons which act as valves
to open one and close the other two lines which carry the
operating fluld under pressure., These lines go to the two
ends of the cylinder which contains the main operating
pilston, whose shaft 1s coupled to the rudder. :As pointed
out previously, the guidance system of G-1 was never:
actually installed in a rocket., For thils reason, the steer-
ing mechanisms discussed here were merely proposals, and
frequently alternate systems were proposed without a final

decision on which is to be used.

Three alternatlive flulds were proposed to operate the steer-
ing mechanism: aleochol, compressed air, and hydraulic oil.
The. disadvantage cited for alcohol 1s that 1t would tend to
soak Into the electrical insulation and thus destroy its
insulating properties. It weuld be satisfactory to use
alcohol for actual operation; however, since in the time

‘ 1t would not have a chance to do
appreciable damage. Compressed alr is compressible, and
therefore apt to oscillate. It would also be necessary,
when using air, to use an oill-soaked felt piston ring for
lubrication of the cylinder walls, and regular piston rings.
Nevertheless, | | compressed air is the most likely 25X1
to be used, The time constant of thils actuation mechanism
was expected to be 10 to 20 milliseconds.

The transmitted steering commapds correspond to the deviatioh

~angle € plus 1ts derivative "« The derivative is included

in the signal to reduce the oVershoot as the missile approaches
and goes through the correct path. :

Stabilizing "Markgraf Kreisel"éﬁée Path Simulator description
6n Page 4D/ gyroscopes are o be used In each axis of the
migslle. The gyro itgelf is small so that its characteristic
frequency of oseillatlon will be much higher than that of the
guldance system of the rocket. This type of gyro was called
the "rasende Wallnusg" (racing walnut). Its synchronous speed
1s approximately 30,000 rpm.

The voitage corresponding to the gyro's anglé of precassion is
taken off a special center-tapped potentiometer made of resist-

- ance wire wound on an anodized aluminum bar, The moving son-.

tact consists of a very light pressure (low friction) platinum
wire loop. The voltage taken off here is proportional to the
angle % jbetween the path of the rocket and its longitudinal
axls, plus 1ts derivative d¥/dt. This signal 1s applied to
the magnetic amplifier whose output actuates the rudders.

Approximately one-tenth of the transmitted E+48/dt command
signal 1s applied to the "steering coil" of the gyroscope.
This 18 necessary for the following reason: Before firing,
the capacitor in the Markgraf cireult 1s short-cirvecuilted. AL
the instant of firing, this short circuit 1s opened so that
the gyro will-try to maintain the position it has at this
moment, Since this position may deviate slightly from the
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desired path, the é; signal is applied to turn the axis of the
gyro towards the correct position. The derivative of E s
not necessary for this operation ; it is included only because
it is contained in the transmitted signal.

67. The "Drehmegnet® (%furn magnet), which is controlled by the
output of the magnetic amplifier, is copied from a design by
the Askania company (German), It consists of a bar which ia
turned by an slectromagnet, and coupled to the spray nozzle
of the conirol piston. An inclined surface,which moves with
the main operating piston, is set up to tilt the housing of
the turn magnet /Ses Page 327 80 that the main piston will not
move to the end of its travel for each command signal; i. e.,
so that maximum rudder angle will only result from maximum
command signal.

68, Four rudders are used; two in the X-aris and_two in the Y-axis,
They are designed in an L-shape lﬁae Page %§7 30 that, as the
exposed sections gradually burn off, the center of pressure
will remain close to the fulcrum of the rudder, The rudders
are to be mads of graphite,

69. A asignal from the Z axis gyre will cause the Y-axis rudders
to deflect to opposite directions, so as to compensate for
twisting moments of the rocket, On the original A-4,trim
tabs on the fins were ussd to compensate for any constant
twisting moment. Thess, however, werws %o be omitted on
the G=1 modification.

Antenna Follow Up System

»0, S5ix antennas are used for the G-1 guildance system, as described
proviously. Fach anteana consiats of a dipole in a 3-meter-
diameter parabelic reflecior. The reflectors used were made
of solid sheet metal, but it was recommended that they be
punched full of holes to reduce wind resistance. The maximum
wind velocity at which the squipment has to operate is 15
meters per second, since the rocket canmot be launched at
higher wind valocities, The antenna characteristics were
such that a ssctor of 20° was included between zero points,
and 10%betweon belf-powsr points,

71, Direction findiug antennas are set up in iwo vertical paire
17.5 meters apart, The {raasmitting and receiving antennas
are set up on tripods batween the dirsction~finding antennas.
All six antennass are adjustsed for the correct flight direction
of the missile. The angle of elevation of the antennas is
controlled by & selayn system, The selsyns, used to indicate
the position of the antsunas, have a speed of ons revolution
per 45° of antenns sngla. For the direction finding antennaw,
two extra selsyns are used for higher accuracy. These have
a speed of one revolution psr 3°, The selsyns for the right
direction finding antennas act as salsyn generators and thus
control the positions of all the other selsyns, The error
signals from the selsyns ars £d to a Mcontrolled rectifier®
similar ¢o the one used at the cutput of the direction find.-
ing rsceiver. The DC output of the rectifier iz applied to
a system of pistons which is very similar fto the one used to
actvate the rudders in the missile. It consists of a "turn
magnet® which changes the position of a noszle that is unsed
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to push a contrel piston. This, in turn, is on & common shaft
with a double piston which acts as a valve, controlling hydraulie
lines to the main operating piston that controls the position of
the antenna. A special eircuit is used at the output of the
controlled rectifier for the signal which controls the position
of the direction finding antennas. This circuit consists of &
network of resistors arranged as follows: The command signal

is applied to toth the right and left direction-finding antennas,

At the same time, the DC veoltage, corresponding to the error signal

from the left antennas, is appiisd %o both direction-finding
antennas, but in opposite polarities, Thus the error between
the two pairs of directlon-finding antennas is reduced to s
minirmam,

Initially & similar system was to he designed by the Institute
for Automatik und Telemechanik in Moscow using amplodynes to
replace the hydranlic system used here.t However, a finished
design was never obtainsd, [::::::::::::]they may eventually
end up using an amplidyne system. The viscosity of the oil
ussd in the hydraulic system becomes a problem in =o0ld weather,
It was frequently nscessary to add a large percentage of kero-
sene to keep the eguipment operating.

The selayns used wsre German types rated at 40 volts, 500 cps,
They were approximately 5 centimeters long and 5 centimeters

in djamster. The selsyn generators, used for the right
direction finding anteuna, were approximately 8 to 9 centiw
meters in each dimensin These were all German units produced
during the war{::::hlao Soviet selsyns, but they were

rated for 50 ¢ps. operation and proportiomately bigger. They
were exact coples of U, S5, selsyns, They were supplied by the
institute for Steusrung (guidance), which also sent a number

of amplidynes to Ostashkov,

When firing a missile, the following sequerce of operatione
takes place: a ®program® metor drives a nmumber of cams which
open and close switches, necessary for the initial operations

to fire the missile; after ten ssconds this motor is stopped.,
The rocket is fired veritically.and,until ite slevation angle,

as seon from the antenna, is 20° ny guidance signals are trans-
mitted., Instead, %he position of the antennas is controllied

by commands from the direction~-finding receiver., When an

‘elevation angls of 207 ig obtained,a relay disconnects the

direction~finding receiver and connests two selsyns which are
driven by the program motor. A% this poind the program motor
starts to run again., From an elevation argle of 20€ 4o 42,590
the position cof the sntenua controls the missile, Any error
betweern the antenne and the missile is transmitted as a
command signal to the missils for correction., At the elevation
angle of 42,59 ixe program motor stops, sirce it isdeaired to
hold the rocket at 4his slevaiion angle until combustion cute
off., When the combusticn cat-off command is transmitted,
snother relay is actuated snd the antennas again take the
commend from the direction-finding receiver, This is main-
tained until the end of radic contact,

Thus, during the first fourteern ssconds, i, e., until the rocket
is at 20° elevation, ths antemnas follow the rocket. From 200
to 42,5%, a time of approximately 26 geconds, the rocket is
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‘controlled by the antenna position. Thils continues for another

twenty seconds, at which time the combustion 1s cut off. After
this, the antennas agaln follow the rocket, since i1t is im-
possible to control the rocket when there is no combustion.

The selsyns driven by the program motor have the same speed
as the two selsyns used for the directlon-finding antennas.

7.

The Soviet servomechanism capabilities are generally good

‘have no basils for Judging their servo development abilitiles.

Path Simulator

8.

79,

81.

82,

- 83.

The path simulator i1s an analogue compuber which l1ls designed
to simulate the aerocdynamic properties of a rocket, as well as
its characteristiecs in responding to commands and to the stabi-
lizing effects of its gyros. It could be modified to be used
in the analysis of cordinary aircraft as well as all types of
rockets, but the unit to be dlscussed here was deslghed es-
pecially for the G-1 modification of the A-4 rocket. For this

reason,many of the components are identical to the ones designed

for the G-1. '

The chief designer of the "Bahnmodell”, as the path simulator
was deslgnated, was Dr. Hans HOCH. He had done work on such

an instrument in Germany in 1946, and brought a primitive 4
design with him to the USSR. By the middle of 1948 the first
‘unit of a new design was completed, to be used 1n the labora-
tory at Ostashkov., HOCH's closest co-worker on thils project

was Gerd MUELLER.

In December 1948 and summer 1949, two more units were completed
and delivered to Moscow, These early instruments were suc-
cessglvely lmproved, but they still had frequent breakdowns,
They used DC amplifiers which were replaced in later models by
AC amplifiers| \ '

In 1949 and 1950, five improved unite were bullt. Of these,
the first and second went to NII 88, and the third weht to an
institute in Moscow whose address is Post Office Box 906,
6 | this 18 the institute to which HOCH,
PPER, STOLPE, et al, were sent in November 1950, and where
BUSCHBECK is also located. It has been establlished beyond
reasonable doubt, that the address of thils institute 1s P.O.
Box 908, not 906.7 In winter 1950-51, approximately three
more units were puilt for a destination not knowm| |

Work was done at Ostashkov on a path simulator to simulate
the three axes of the rocket instead of only one, This unit
was never completely finished|

Igdpiinciple its operation wase identical to the two-axis
model.

Before discussing details of the Bahnmodell, it would be
appropriate to desceribe the ballisties involved._  The follow-
ing angles are of importance /Ses Puge 4l 7

€ angle between rocket and desired course
et angle between rocket axis and actual course
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I angle between rocket axis and rudder

77 angle between actual course and desired course

Assume that initially the angle E is between three and six
minutes., A steering command will be transmitted to the
rocket causing the rudder to be deflected. This will cause
the whole rocket to turn, but it will only gradually change
the direction of its flight, sincé there is very little air
resistance. Graduslly, however, the flight direction will
become parallel to the rocket axis, Thus the rocket will
2gain approach the desired course; i. s., will approach zero,
The following course of svents takes placer

de "
E + 53 results in deering command transmizasion

&+ dx results in rudder control from stabilizing
d ik

gyro in rocket

Both togsther cause change in )D

/o causss change in K
< causes change in 7?
Tl causes change in L

The heart of the path simulator, as well as of the G=1
gtabllization system, is the "Markgraf Kreisel™, a small
gyroscope in a special eircuilt, which operates in such a
menner that the angle of precession indicates a change in
external forces, but does not return to zeroc when the forces
stop changing. Thus the indication is proportaional to the
force plus the differential of the force. In principle the
circuit for the Markgraf Kreisel consists of & center-tapped
potentiometer, a large capacitor,and a movable coil on & bar
magnet core. A DC voltage is applied across the potentio~
meter; the movable arm is at center when the precession angle
is zero. As the gyro precesses, a voltage appears between
the center tap and the movable arm. This voltage is applied
to the capacitor and coil in series, resulting in the neces-
sary epring action by movement of the coil which is attached
to the frame of the gyro. When the precession stops changing,
the capacitor chargea to the same voliage as that between the
center tap and the arm of the potenticmeter, so that the
current in the coil becomes zerc and no force existas to return
the precession angle to serc. The precession angle indicator
thus remalns at a position which is proportional teo the sum
of the applied force plue the derivative of that force.

In the actual Bahnmodell, two turntables are used. The gyro
is mounted on the upper turntable which, in turn, sits on a
ball bearing on the lower turntable. The lower one is also
mounted on a ball bearing, The following angles will again
be of importance in this discussion:

& angle between rocket and desired course

U angle bstween rocket axis and actual course

f°  angle between rocket axis and rudder

r( angle betwsen actual course and desired
courss
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The angular pcsition of the lower turntable corresponds oM. ¢
The relative angle between the two turntables thus indicates

o Gl Steering commands and the effect of one angle on
others are simulated by rotation of the respective turntadble
which causes the gyro to precess. Tha precession signal then
corresponds, as explained above, te OC 4-;l:i .

The rotation of the turntable is accomplished by & steering
coil, This is a movable soil which operates in a very uniform
mgnetic field. When a DC current flows through it, it moves
and thus turns the turatable. The circuits used in connection
with the mechanical parts are largely the same as those used
in the actual miesile guidance; omitting, of course, the high
frequency parts used for radio transmission,

The gyro in the Bahmnmodell acts exaetly as the stabilizing gyro
used for each axis of the rocket., The mass of the rocket is
reprasented by welghta placed on the turntable while electro-
magnets placed at the turned down edge of the turntable simulate
inertia by induecing eddy currents in the turntable,

4 *program® apparatus is used in the Bahmmodell to simmlate the
predetermined variables such as: variation in air density as .
rocket increases in altiiumde, reduction in weight of rocket

a8 fuel is expended, initial changes in direction while rocket
changes from vertical to desired course, etec. This program
apraratus consists of & number of came, one for each variable,
rotated by a motor., The cams ect on poteniiometers which apply
a signal to the awplifier of the corresponding steering coil,

Three sets of sigoals are applied to the magnetic amplifier
which drives the upper ateering coil: OC+EFEL_%E, E+ g and the
preset initial sisering program. These are mixed by the magnetic
amplifier which is the same as the magnetic amplifisr used in
the rocket to produce the signal for the rudder actuation system,
The output of the magnetic amplifier corresponds to the rudder
steering command signal, It is applied to a two-stage amplifier
and & time constent circuit which simmlates the time censtant

of the rudder actuation. The resulting sigmal thus corresponds
to P . the ruddsr angle, This signal is fed into a pair of
Soviet 6113 tubes in push-pull, whose plate load consists of

the two parts of the steering coil. The rudder angle is thus
applied as & force to the axis of the upper turntable. This
responds gradually, in accordance with the mses and inertia

of the rocket so that the angular position of the upper turn-
table always corresponds to O , the angle cf the rocket

axis, The AC signal representing oK is fed to a 2-gtage
amplifier whose output controls the eteering coil of the lower
turntable; 1. e, 7] « The resulting AC T signal is applied to
an integrating gyro, whose output is fndxr=g&. This gyro
operates as follows: The 7] signal drives a steering coil

which acts as a force on the gyro,causing it to precess, Since
the precession angle is proportiomal to the product of the

force and the time over which it acts, it will indicate the
integral of 7? » which 1s the angle £ .

The é: eignal is fed through a circuit similar to the low
frequency sections of the direction-finding receiver, command
generator, and the airborne command receiver. The output signal
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of this is proporticnal to €+d€ o« This is fed back to the
magnetic amplifier whose cutput 1s applied to the upper (oC)
steering coil. A small fraction (ca. 1/10) of this signal is
also applied to another steering coil in order to apply a pro-
portional force to the axiz of the gyro to effect a permanent
change in its diraction., The reason for this is explained in
the paragraph on rocket steering and stabilization.

92. Physically, the Bahnmodell is in a cabinet resembling a desk.
The center section houses controls and measuring instruments
(one meter to indicate each angle)., The left section houses
the turntables with their indicating instruments, while the
electronic and magnetic amplifiers and the ®coefficient cams"
are located in the right ssection. The 3-axis path simulator
was quite similar to the single-axis model, except that, of
course, allequipment was tripled. Its purpose was to simulate
the interaction betwesn axes.

93.|:|know of no other Bahnmodell developments in the USSR.

LONG RANGE GUIDED MISSILE

94, This was one of the ihree major projects which were developed
only on paper. No experimental or laboratory work was ever
done on it. The project was worked on during the year 1949,
It was presented at a counfsrence in Moscow at the end of 1949,
No German attended this mseting.

95, The missile was designated B-14, It was to have a range of
3000 km,, with an curacy of f£ifty per cent hits within 1/1000
of the range {i.e., 3 km.). The approximate weight was 75 metric
tons with a 300 kg. warhead. {  |not sure that this is the
correct warhead weight.) After combusiion cut-off, the war-
head,which was cylindrical, was %to separate from the rest of
the miesile. A cylinder was considsrsd to be the most advan-~
tageous shape for the free flight.

96. The miasile was %o bs in the form of a cons, approximately 25
meters tall with a base diameter of 3 meters, It was to be a
two-stage rocket, with the separation occurring by means of
an internal program time mechanism at an altitude of approxi-
mtely 60 km, Goubuastion cut-off of the second stage was to
occur at a distance of approximately 280 km,, which was the
expscted maximum rangs of the radio control. The velocity at
this point would bte approximstely Mach 10, The peak altitude
attalned during the flight was to be 100 km,

97. The guldence system for the R-1ll was to be the same as the one
desizned for the G-1, with only minor modifications. The
antennas on the roclmt were to consist of a number of dipoles
mounted on four pieces of pipe which acted as co-axiel lead-
in, These pipes wers in the form of & 90-degree arc, mounted
in two concentric pairs on opposite sides of the rocket engine
exhaust, This arrangement was mounted on the base of sach
atage of the rockst,

98, The power plant for this rocket was to include a 60-atmosphere
engine for the first stage, amd a l5-atmosphere engine (with a
long high-altitude nozzle) for the second stage. Earlier plans
had called for four A-4 engines (lS-at.mosphere) to be used for
the first stage, but this was dropped in favor of the
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single high-pressure unit., It was alsodebated at one time

to use a bundle of five complete A-4 rockets. Four of these
would fall away after the initial stage, and the fifth would
continue on to the target, The main difficulty expected with
these multiple engine systems. is that normally every tenth
engine misfires; therefore, in a five-sngine system, every
other lannching would be a failure.

99. The steering was to be accomplished by one of two systems:
(a) to use small Jet nozzles at various angles, diiven by
the compressed gas output of the turbine; (b) to mount the
rocket engine in a ball and socket Joint, or, on gimbals,
and steer the whole rocket by changing the direction of the
thrust. For the second system, small Jot nozzles would still
be necessary to prevent rotation about the rocket's longitudi-
nal axis, The stesring actuation system was to be the same
in principle as the one dssigned for the G-1, The capacity
of the system would, of course, have to be somewhat larger,

100, The rocket was to use integral fuel tanks for both s tages.
It was never decided whether to put the second stage engine
inside the upper first stage fuel tank, or whether free space
should be left between them. Since the electronic and gyro=-
scoplc apparatus was to be located around the top of the
second stage engine, it would be necessary to seal it if it
is to be immersed in fuel,

101, At an altitude of approximately 10 km,, a ring was to be
shot off from around the base of the Ffirst stage. Thig acted
only to keep the center of gravity low at the start, A
Problem which was never finally solved was the question of
how to ignite the second stage engine., The first stage was
to be 1gnited by small rocket twirlers placed in the combus-
tion chamber of the engine. :

102, One question was brought up and never settled because no
experimental work was done on this project. This was the
question of what happens to the 50-om, waves in the extremely
high altltude through which the missile is to be controlled.
At these altitudes the flight path will more closely approx-
imate an ellipse than a parabola.

103. 1In connection with this project, GROETTRUP developed plans
for an underground launching site for the R-14, as well ae
for the G-1, The plan was developed further to include an
entire subterransan assembly plant designed so that final
assembly would take place right at the launching site, which
would be a vertical shaft, 5 to 6 meters in diameter and
about 30 meters deep., A large network of tunnels connecting
to this shaft were planned for the storage of parts and the
sub-assemblies, It was also planned to have the ground station
for the guldance system on a circle of tracks having a readius
of 25 to 30 km,, so that the missile could be fired in any
direction, While the ides for this underground factory and
launching station was GROETTRUP's, JAFFKR and members of his
group carried out the design and made the drawings for it,
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| 'SUPERSONIC PILOTLESS AIRPLANE

~l@4. This project, designated R-15, was alsc worked on during the
year 1949, It was another one of the proJects which were .
carried out only on paper with no experimental work belng done

.105. The airplane was designed to be approximately 15 meters long

, with a wing span of 5 meters. [  mot certaln of the form 25X1
of the wings. The span of the horizontal stabllizers was
ta be 1 1/2 to 2 meters; they were triangular in shape.
Steering was to be accomplished by the use of ailerons, wlth
no rudder. Elevators were attached to the horizontal stabl-~
1izers. The fuselage wae to consist of two parts,both .
approximately 60 centimeters in dlameter, égée Page A4l . “57
The forward part was to be lower than the aft part. Fuel was
to be econtained in both parts, while the warhead, electronics,
and gyroscoplc equipment were to be housed in the ldéwer for-
ward section,

106. An A-4 rocket mounted directly behind the lower portion of
the plane was to be used as a starting ald to launch the
missile vertically. The engine for the plane operated on
the principle that at supersonic speeds the incoming air
would be compressed as the shock wave 1s formed. At the
point of maxlimum compressilon, fuel 18 added and lgnited 1n
a number of cowbustlon chambers arranged in a circle. The
fuel 1s pumped into the combustion chambers by a gasoline
engine, '

107. The range of the rocket was to be QDOO kilometers, and it
was to fly at an altitude of 20 to 30 kilometers, When the
starting rocket is cut off the plane would be flying at a i
velocity of approxilmately Mach 2. This occurs at a range '
of 12 to 15 kilometers. The warhead was to have a welght of
300 kilograms. .

108, Various schemes were discussed for guilding this alrplane;
one was to use a gyroscoplc horizon,which involved a gyro-
scope . acting as a pendulum having a perilod of 86 meters,
and thus always pointing to the center of the earth as a
reference. Another scheme was the use of an optical horizon;
this, however, would involve serious inaccuracles, These
two schemes were discarded as being too complicated to obtain
the required accuracy. The system which was finally pro-
posed was a hyperbolic navigation system, Oswald SCHMIDT had .
done work on wave propagation around the earth at frequencles
of 10 to 30 megacycles. He had discovered that accuracles with-
in five kilometers were obtainable for transmission around
‘the earth; The optimum time for the transmission of these
waves was at twilight when the lonosphere 1ls bent down and
will gulde the waves around the earth, It was proposged to
use a system employing these frequencies to be transmitted
by a keying transmitter and two transmitters for produclng
the navigational hyperbolas. A third transmitter would be
used for determining the range of the plane, and for trans-
mitting a drop command signal. An over-all accuracy obtaln-
able with this system would be 20 to 30 kilometers, on the
basis of SCHMIDT's measurements. It was planned to use pulse
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transmission,as this would be more difficult to Jjam.

109/  |consider transmission at this frequency extremely important,
and recommend that the United States carry on experiments at
these frequencies for long-range iransmission, if such work
has not already been done. The Soviets expressed great
interest in this system and asked for more detailed reports
after the main report on the R-15 had besn turned over to them

|angaffort be'made by the United ‘

tates to monitor signals in those frequencies, '

110, It was proposed to uss transmitters having an output power
of 10 to 20 mégawatts, with 10 mierosecond pulses, at a pulse
‘repetition frequency between 10 and 50 pulses per second. The
rise time of these pulses was to be one microsecond. By delay-
ing the transmission of the pulses of the second transmitter
in accordance with a given code, it would be possible to cause
the plane tc fly in curves in order to hide its target. It
would be also possible to use additional transmissions of pulses
‘at variocus adjacent frequencies in order to confuse the enemy's
" Jamming efforts, Ths airborne equipment was to consist of two
recelivers, one for each frequency of the two navigational trane-
mitters. Thus, the time of each transmission is compared and
commands are applied to the ailerons to steer the plane along
the correct path., Gyroscopes are used to keep the plane horizon-
tal and going straight ahead, The velocity and altitude of the
Plane are preset so that the final falling pattern may be cal-
culated, At the time of the drop command, the vings and possi-
bly all other parts of the plane could be shot off and the warhead
alone would fall toward the target.

111. It was satimated that the temperature at the surface of the
- plane would be approximately 150° G, Therefore, it would be

necessary to use a fuel that could stand this temperature.
The electronics apparatus was to be cooled by insulation from
the outer surface, and by water which would steam at approxi-
mately 40 degrees centigrade due to the low pressure at which
the plane flies. It was planned to use two wire antennas, one
wave length long, attached to the top and bottom of the
vertical stabilizer and flying behind the airplane,

112, The completed project was presented to the Soviets at a meet-
ing around Christmas 1949, This meeting was not attended by
any Germans, Barly in 1950 the more detailed report on radio
navigation was completed.

ANTIAIRCRAFT ROCKET

113, During the early part of 1950 the group at Ostashkov was given
" & project to design an antiairecraft rocket, to be designated
B~-10, This project was to be worked out only on paper; there=-
fore no experimental work was done on it at Ostashkov, and all
design work was in the form of proposals.

11%, The rocket to be used for this project was almost identical
to the German Wasserfall. The only change from this German
rocket was that it was to have two wings instead of four.
This change was debated by the Germans at great length.

steering by remote guidance would be far
simpler our wingswere used. With only two wings, it will
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be necessary for the rocket to make 90° turn about its
longitudinal axis in order to obey commands which first
reguire a change in the Y - axis, and then in the X - axis.

- However, some of the other Germans, principally HOCH, advocated

the use of only two wings; this plan was finally adopted.

A number of different guidance principles were discussed,

the first and simplest was one designated "Hund" (dog).

This is essentially a system in which the missile follows the
target. It results in a large radius of curvature of the flight
path at the beginning of the flight and a very short radius Just
before the intercept is made. The second principle discussed

was called "Schielender Hund" (cross-—eyed dog). In this system
the target is illuminated by ground radar end/or a homing instru-—

_ ment is installed in the missile ih such a way that a constant

angle is kept between the flight path of the missile and the
target. The missile is fired towards the imitially-calculated
point of intercept, and by maintaining this constant angle the
intercept would be made. Another principle is that of a target-
covering type of guidance which is probably the simplest groumi-

‘controlled flight and involves the use of ome radar which locates

the target and »n whose beam the missile will fly[  |advocated

-this system to be used with a large number of smaller rockete,25XT

which must be fired directly into the beam of the radar rather
than launched vertically.

PThe system decided on was called "Hund auf der Kugel® (dog on
the sphere). The reason for this designation ig that if the
£light path of the rocket and the target were to be projected
onto a sphere whose center was at the launching site, then a

- eurve similar to the "Hund" f£light path would be obtained. In

actual flight, however, the path of the missile has a short
radius of curvature at the beginning and 2 long one at the end .

of its flight. This is desirable for accurate interception.

The guidance system for this rocket was 1o involve the use of
two type SCR 584 radar units. One of thede was to act as target
locater while the other followed the missile and weuld give
commands to the migsile until it intercepted the target. The
radar equipment was to be modified in such & way that the
antenna reflector would be mounted on gimbals instead of the

.

 suspension used on the original type, which permits movement

only in polar coordinetés.  This would simplify movement of
the reflector through the vertical position.

Another small modification to be used in the commend unit was
an attenuation in the transmitter wave guide to reduce the out=
put power while the missile is so close that its detectors
might be burned out by the high energy of the radlsation. This
attenuation was to be acécomplished by insertirg a section of
carbon wall into the wave guide. This section would be auto=~
natically shortened durivg the £flight of the missile by slid-
ing a metallic section inside the ¢ arbon wall.

In order to achieve the f£light path described sbove, a computer
wen designed to cause the command unit to follow the loeator.

This computer was developed by Dr. MOLIWC and Werner '

It involved a feirly complicated system of selsyns. 25X1
\ In principle it operates

25X1
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a8 follows: Selsyn generators in the locator indicate the
angles of position in the "X" and "Y® axes, The signals from
these selsyns are compared with similar signals from the
command unit. The distance between the target and the missile
is obtained by similar means, A voltage which is a function
of the difference in angle as well as of the ratic of target
distance to missile distance is applied to a servomotor which
drives the command antenna., By this means the beam inter-
secting the missile will always follow the beam intersecting
the target but the difference between them will ® reduced

as the target approaches the missile., It would be necessary
to use a homing system for the final path, and a proximity
fuse, but these items were not a part of the project. The
proximity fuse would possibly fire at a distance of 30 meters
from the target.

The accuracy of the SCR 584 is plus or minus five minutes.
The meximum accuracy obtainable in the selsyn system between
the two radars would be plus or minus ten minutes, while

the error in the rocket could add up to another ten minutes,
At o 30 kilometer range, all of these errors would total
approximately 300 meters. An error of this magnitude would
involve a very complicated homing system to insure inter-
ception. The missile itself was to have two antennas arranged
perpendicular to each other. The rockst receiver would use
a crystal detsctor for each antemna, $o be followed by a low
frequency amplifier stage., The purposs of having two such
antennas is to indicate rotation of the missile about its
longitudinal axia.

Three rudders were to be used with the two-winged missile,
This makes it possible to keep the rudders out of the turbu-
lent stream behind the two wings. All three rudders were to
be used for alignment about the longitudinal axis., Two of
them were to react to steering commands and to commands from
the gyro stabllization equipment. I% was planned to use gyro
stabilization in sach axis, but & proposal was also included
in the final report to uss instead an acceleration indicator
which would react to vibrations and other accelerations. To
actuate the rudders, it was planned to use a system similar
to the one designed for the G=1, using compressed air,
Spherical compressed air containers wers also to be used at
100-atmosphsere pressure to feed fuel into the engine.

‘the target~covering principle for anti-
aircraft rockets, using a large number of rockets, at

the orginial project meeting in 1950, the Soviets were
very obvious about not discussing this project and passed
over it quickly. this may have been for
security reasons, if the Soviets were already working on
such a project.

Several times the Soviets suggested that the Germans
dsvelop an antiaircraft rocket to shoot down enemy rockets,
The Germans, however, consistently turned them down on this
idea,claiming that it was an impossibility,

\ hhs dfective range of the Wasserfall rocket

 would be 30 kilometers, and that the weight of the warhead
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was to be approximetely 500 kilograms.
TEST STANDS 25X1

125.

: ‘This was the test stand on Gorodomlysa Island. It consisted
of the test stand itself on the edge of a swamp with a con-
troller bunker adjacent to it. In the bunkers were located
all the necessary controls and test instruments. Below it
was & pump for water cooling of thestand. The controller
could watch the combustion chamber through a small window
built into the conerete wall.,

126. The test stand was used primarily for experiments on cooling
exhaust gases from 2500 to 500 degrees C so that they could
be used to drive the turbine. Fuel and alcohol were injected
into the jet stream for cooling. The fuel to be used in the
experiments was stored near the bunker. Across the rosd

from the test s'tand there was a small building in which liguid

oxygen wae produced. The process used was that of the Lind
liquefaction plant, The oxygen produced by this method weae
80 to 90 per cent pure. Some of the oxygen produced here
was also used forwelding purposes on the island, end some waa
sent to neighboring towns for similar purposes.

127. A short distance from the test stand, adjecent to the mein
north-gouth road, another small building housed offices and

storage of material for the test stend. . The whole area around

these buildings was fnced in, and after 1950 only authorized
persons were admitted, :

128, E;;::::::::Jﬁhere wab a test stand located next to the air-
eld at Factory 88 for testing Wasserfall missiles.

. 25X1

frequently heard this test stand .in operastion, dut never saw

L]

129,. In 1947, JAFFKE surveyed an area near Zagorsk (56108N -3807E)
: on a steep bank of a river., According to JAFPFKE,a test stend
was to be installed at this loecation, and he and others in
hig group made the construction drawings for such a stand;
however, he never saw the actual construction. BUGAYEV, who.
worked in Moscow,was reportedly living in Zagorsk
in the|svring of 1950 after he had joined the rocket engine
group. agsume, therefore, that the test s tand was dbuilt
at this|[loeation. -

there were several large test stands at
Kapustin (4834F - 4543E). These were designed for firing

130,

25X1

25X1

of A-4 missiles. sent a large emount of pressure-measuring 25X1

equipment to Kapustin this is where experi
ments were made with feed back of combustion gases to d rive
the turbine. never saw the test stands there and no

Germans were there after the first triels in 1947. At that
time HOCH, MAGNUS, and Werner MUELLER were at Kapustin,
amohg others. '

HI§C§LLANEOUS TEST EQUIPMENT DEVELOPMENTS

131, The following items of equipment were designed by various
engineers at Ostashkov, partly to be used for their experi-
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ments there, and partly to fflfill orders by agencies in
v NII 88, |

Sine Wave Generator

132y

‘Pwo of these units were built in‘1948 and 1949 on orders

of NII 88; they were delivered in the spring of 1949, The'
generator was to bedesigned for £ requencies from 0,01 to 50
cycles per second, The sine wave generated had to be &
perfect sine wave without any discontinuity so that the
pecond derivative of the wave would still be a sinusoid al.
An R-0 generator was used.to produce such a wave. Automatie
ain control was not used as the AGC time conetant is too.
a8t for such low frequencies, The output of this enerator
was 30 — 40 milliamperes at 80 - 100 volte. In 1951 - 1952,
two more such generators were built but these used a gonio=
meter instead of the R-C generator. This involved the use
of two coils, one turning inside the other. A 100 ke, volt=~
age was applied to the stator coil, indueing in the rotor a

 voltage corresponding to its angular positlon, This voltage

was rectified in a bridge rectifier whose output frequency

would thus correspond to the speed of rotation of the rotor.

At very low frequencies, problems were encount ered due to
mechanical play between the motor snd the rotor coll. The
bridge rectifier feeds a push-pull amplifier using the Soviet

_equivalent of 6L6 tubes; the rectifier used two. X6 tub
- These generators were designed snd built )| and
. they were to be used for testing rocket steering devioes.
Ogeilloscope
133, A large oscilloscope incerporating eight separate cathodew

134,

ray tubes was built for use at Ostashkov. In fall 1951,
congtruction was started on a similar unit for NIﬁhB

e
osc;;;oscope was desligned so that a movie camera could be
mounted on it to talke continuous pictures of the eight
cathode-ray tubes. For this purpose no horizontal sweep
would be used; instead,a spot would be deflected verticelly

in asccordance with thevalue to be presented, The ocathode-
rey tubes_usad were Germen types IB-1 and LB-8.

One of the tubes presented time marks at intervals of 1,
1/10,and 1/500 second . These were produced by counting
down from & 500~cycle crystal generator. Another one of
the scopes presented the Doppler frequency resulting from
velocity measurements in a speclal way so that it mey bde
aocurstely determined. The Doppler frequency was counted
down by four multivibrators to produce a ratio of 16 to 1.
The outputs of the muliividbrators were combined to produce
saw-tooth waves having a f requency 1/16 of the Doppler
frequency, and having 16 steps in each gaw~tooth. By
comparing the steps with the time marks, it would be
possible to determine the exact Doppler frequency very
accurately. The other six scopeés were used %o present
various other valuee to be measured during the flight

of o missile. The oscilloscope,which was to be built for
NII 88, was not to inoclude the speclal socope for measuring

the Doppler frequency. .
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135, 35-millimeter film was used at a spsed of 10 centimelers
per second. The camera used was a normal news-reporter—
type movie camera made in the USSR since the war, It had
three lenses which were interchangeable. The lens used for
the oscilloscops was a wide-angle lens. The distance from
the lens to the face of the cathode-ray tube was one meter.
Tilms, which could be handled up to 40 meters long, had to
be threaded into the camera, A special attachment was
designed to hold 150 meters of film, Origzinally, panchro-
mtic film was used, but later a Sovist-made x-ray film,
gsensitive to the light of the cathode-ray tube screen, was
substituted.

Stagdard Frequency Generator

136, This was designed by Dr. MOLWO. It was quite similar to a
frequency gensrator manufactared by General Electric or
General Radio Company. The frequency of this generator was
accurate to one part in 107, which is the equivalent of
1/100 second per day. A 100 ke crystal housed in a thermo=-
statically-controlled copper cylinder produced the reference
frequency. Frequency dividers are used %o reduce this
frequency to 50 cycles and this signal drives a synchronous
clock. The slock is compared with a time signal received
from & radic station. The signals from the clock and from
the radio receiver are compared on a cathode-ray tube and
the error of the clock is thus very accurately determined.
The crystal fregquencies also maltiplied to increase the range

‘ww_tﬂieﬂ_maeamcla& ‘ ‘

Tost Equipment for Determining Antenns Characteristics

137, This equipment was designed by me between December 1951 and
April 1952, I% consisted of a 15-inch dlameter turntable,
driven by a motor, for mounting a transmitting or receiving
antenna. If a receiving antenna is to be tested, the received
signal is detached in the equipment, rectified,and applied to
a PPI or A scope. The sweepsof the scopes are synchronized
with the rotation of the turntable, and thus the antenna
pattern is presented on the scope. If a transmitting antenna
ig to be tasted, amnoiher receiving antenna must be used at a
remote point. 4 line feeds the slignal from this point to the
receiver in this equipment. The turnteble was designed to
accomodate antennas and mounts weighing up to 20 kilograms,
At one time the Soviets asked about building a much bigger
equipment similar to thistggggggggggggjthat it might be
intended for mounting entire rockets., This project, however,
wae not worked on.

Syeep Freguency G"eng. rator

138, This equipment was designed by Dr. LANGE between fall 1951
and April 1952 for NII 88, It was designed %o sveep the
frequencies from 27 to 33 megacycles. This was accomplished
by the use of & rotating capacitor turning at the rate of
25 rps. A saw-tooth voltage is produced similtaneously to
produce the sweep voltage for an oscilloscope, so that the
pattern from 27 to megacycles cante presented on &
cathode-ray tubs, &Hhis equipment was to be

used for tuning IF amplifiers,
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ﬁgggggrd'Signal Generator

139, This equipment was also designed by Dr. LANGE between fall
1951 and. April 1952. & master I=C generator was used to
produce a signal continuously variable from 16 to 35 mega-
ocycles. The signal is amplified and mey be amplitude modue

" lated by a pulse. Multiplier circuits are included in the
amplifier stage so-that a continuously variable output can

~ be obtained from 16 to 70 megacycles. Tuning is accomplished
by the range switch and tuning condensers.

Freqaency Meter

140, This unit was desigsmed by RANGS, who worked in the labore-
tory headed by SCHUETZ in fall 1951. The meter was designed
+to measure frequencies from 0.01 to 50 cycles per second.
The messurement was accomplished by the discharge of a ca-
pacitor through s rectifier and a meter. For the frequencies
from 0,01 to 3 or 4 cps., the frequensy would be measured by
counting the swings of the needle on the meter agaimt a stop
watch. Above that frequency the steady meter reading indicates.
the frequency to be measured. :

" Yibration Tables.

141, These were designed only on paper by the drafting section
, 5 ackor 5. The basic caleulations were made by TOEBE
The table was designed to vibrate on three axes, 25X1
1t was necessary Tirst to design a suppart for the teble
having a high characteristic resonance. Three pairs of
eccentric masses were used to produce the vibration in the
three axes. MThe way in which the masses in each pailr
compensate each other determines the direction of vibraetion
resulting from that pair. Vibrations between 10 amd 50 cps,
" were to be obtainsble with an amplitude up to five millimeters

in each axis. The table was designed for teesting apparatus
welghing between five and %enkilograms. The table was 15
inches in diameter. The eccentric weights ere driven by a
motor through a long thin shaft made of steel so that the
motor does not feel the yilbrations. The motor speed is
controllable for varying the frequency of the vibrations,

'Apzaratus for Balancing Gyroscopes

142, Phis apparstus was designed by RANGS in 1949 and 1950 for
. NII 88. The gyroscope to be tested ls mounted on two leaf

springs which are altermately held rigid, The loose sgring.
has a magnet attached to it to induce current in a colil as
it moves. This current is applied to an oscilloscope. A4
black spot is painted on the gyroscope and seen by a photo=-
cell as the gyroscope rotates. Output of the photocell is
a "pip" which is also applied to the oscilloscope. It 1s
thus possible to note on the oscilloscope which part of
the gyroscope causes the eccentricity. Holes aredrilled
into the gyro to compensate for this e ccentricity.

Pregsure Gauges

143, These were d esigned for use at Ostashkov as well as on
orders from NII 88 and Kapustin. They were primerily
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Aﬁesigned by COERMANN and SCHOLZ. The gauge cgnsists of a
‘membrane made of sheet steel. When pressure is applied +the
membrane will deflect = maximum of approximately 0,005

millimeters. The membrane is mounted in an induction bridge.
Two inductors are located on each side of the membrane, and

the bridge is balanced at zero pressure. When pressure is
applied, the inductance of two of the coils is increased
while that of the other two coils is reduced. A signal is
thus. obtained from the bridge. These pressure gauges are
designed to measure either direct pressures or relative
pregiures.,

8¢ales for Wind Tumnel

144. This equipment was designed by COERMANY in the fall of 1950 .
for the wind tunnel built at Ostashkov. The scale operates

to measure the forces in three axes e xerted on a test body
in the wind tunnel. The force is measured by twisting a
specially machined plece of metal against a counterwdight.
The advantage of this method is that no friction is in-
volved. The units are calibrated by adding a lever with
welghts to exert forces similar to those which occur in the
experiments, Moments of forces applied fto the test body
are measured by determining the difference of the forces
indicated at both sides of the wind tunnel. One of the
mejor problems incurred in the design of this equipment
was the zealing of all of the instruments, as the tur-
bulense during the experiment would serioualy affect the
readings taken. ‘

Scale for Water Canal

145. These instruments were designed by ARNOLD for use et
Ostasinkov. In the water canal the measurement of forces
is made in only one axis. The arm holding the body in
the water is held in pesition against a counterweight seo
that a scale can be read to indicate the forces onm the
body. In the water canel the depth of the water at any
point corresponds to the air pressure in 2 wind tunnel,
The t est body may be merked in millimeters and pictures
taken of the water rumning along it %o obtein arecord of
the corresponding pressure. Similarly, the turbulence
of the water may be recorded by putting colored drops in
the water and photographing it, FRIESER wasg
in charge of the water cansl at Ostashkov. He made the
caleulations for equivalent pressures and teet bodies at

- reduced scales. Measurements in the water canel were
generally made by FEIKENMEYER and scioviy, :

Zept Line for Meesuring Iine Impedence

146, This equipment was designed by SCHMIDT between fall 1951

and spring 1952 on orders of NIT 88. I+t was to be designed

for a wave length of six meters, and | this
indicates that the Soviets are still interested in six-~
‘meter wave length work for rocket guidance. The equipment
was delivered to the same personas the apparatus for
meapuring antenna characteristics. Thee quipment included
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a frequency generator for wave lengths from two to severn
meters, | The
test line was approximately four meters long. A variable
impedance ratio transformer was used to match the impedance
of the test lire to other lines.

Acceleration Measuring Amaratug
147, This apparatus was ordefed by NII 88 in 1949 and 1950, It

was primarily designed by COFRMANN the high
frequency designJ may be nsed with Messina
telemetering squipment. The purpose of these instruments

was to measure acceleration and vibration of test rockets.
Basically, the instrument is very similar to the pressure
gauges described above., The membrane must have a2 mass
whose own characteristic resonant frequency lies abeve
the frequency of any vibrations which are to be measured.
Due to the inertia of the membrane, acceleration and vibra-
tion are indicated by the output of the induction bridge,
The output signal of the induction kridge was bstwsen C,1
and 0,5 volts at 500 cycles. This signal was transformed
up to 0,5 to 2.5 volts, rectified, and applied as modula-
tion to the telemetering equipmert.

Normal Freguency Generator

148, This generator was designed to produce anzcurate frequency
signal for calibrating fregusency bridges used in the measure-
ment of missile velocity. The apparatus waz developed for
RII 88 |:|in the fall of 1950, An L-C generator was used
to generate the signal. To obtain high Q and sharp tuning, a
high gain tube was used and only a smll fraction of the signal
fed back from the ancds througk a large resistance. The
frequency was tunable Ly means of a 1000 mmf tuning cavacitor.
The frequency range wae from %00 to 500 cps. The output
signal of the generator was applied to a cathode-ray oscillo=
scope. Pulses from a crystal oscillator are also applied to
the omcilloscope. These pulses are produced by count=down

‘multivibrators and are ottained at pulse repetition free
quencies of 100, 50, 10, l,and 0,1 cps, By successive selsc=
tion of the pulses, it is pessible to tune the L-C generator
to the desired frequency to an sccuracy within cne-twentieth
cycls., This signal is then spplied to the freguency bridge
to be calibrated. This bridge is tuned to give a mmll in~
dication at the selaected frequency,

Collojdal Mill

149, This was a unit to be used presumably for grinding metals to
be used in colleidal suspensions. |
|1t was desigred at Ostashkov in 1951,
the colloidal suspension might be used to increase the weight
of fuel burned in rocket engines and thus increase the thrust.

Conment. The correct title of this institute has
not been determined,
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